The gram-positive soil bacterium Bacillus subtilis is able to use a wide variety of carbohydrates, among them several glucans as the only carbon source. For the utilization of polymeric carbon sources, the cell has to synthesize extracellular enzymes which degrade the polymers, and the oligomers have to be transported by specific uptake systems and introduced into the metabolism. The preferred carbon source is glucose, and expression of genes and operons whose gene products are involved in utilization of alternative carbon sources is strongly regulated, i.e., inducible by the specific substrate and repressed by preferred carbon sources (carbon catabolite repression [CCR] ) (14, 41) .
The bacterial phosphoenolpyruvate:carbohydrate phosphotransferase system (PTS) takes part in the regulation of gene expression as a central element (33) . Transport and coupled phosphorylation of its substrates constitute the primary task of the PTS. Other PTS functions include involvement in chemotaxis and in regulation of other metabolic processes (33, 36) . The PTS is composed of the general proteins enzyme I (EI) and HPr and of the substrate-specific enzyme II (EII). The EII complexes represent the sugar-specific permeases, which consist of three or four subunits either fused in single multidomain proteins or built up of individual polypeptides (37) . The proteins of the PTS transfer a phosphoryl group from phosphoenolpyruvate (the phosphoryl donor) to the carbohydrate to be transported (33) .
In contrast to HPr of enteric bacteria, HPr from grampositive bacteria is subject to phosphorylation at a seryl residue at position 46 by the ATP-dependent HPr kinase (PtsK or HprK) (7, 9, 11, 35) in addition to phosphorylation by EI-P on the histidyl residue at position 15 . It has been shown that HPrSer-46-P is involved in CCR of B. subtilis (8) . Glycolytic intermediates (e.g., fructose-1,6-bisphosphate and 2-phosphoglycerate) stimulate the activity of PtsK (35) .
The availability of rapidly metabolizable carbon sources represses expression of genes or operons such as amyE, licTS, bglPH, lev, and xyl (13, 16, 18, 19, 23, 30) . There is an operator sequence (catabolite-responsive element [cre]) serving as the target for the complex of the DNA binding protein CcpA and HPrSer-46-P (6, (13) (14) (15) . Moreover, additional CcpA-independent mechanisms for CCR have been reported (17, 30, 44 ) (see below).
Induction of several catabolic operons occurs by increasing transcriptional initiation dependent either on transcriptional activators or on transcript elongation mediated by the action of transcriptional antiterminators (41) . A class of these regulators contains two copies of a conserved structural motif, the PTS regulation domain (PRD) (42) , which are involved in the regulation of the activity of the proteins. The activity is modulated by phosphorylation of highly conserved histidyl residues within the PRDs by the PTS in response to the availability of the substrate. The antiterminators BglG of Escherichia coli and SacY, SacT, GlcT, and LicT of B. subtilis and the activator protein LevR of B. subtilis belong to the family of PRD-containing regulators (42) .
In the absence of their respective inducers, PRD-containing regulators such as LevR and BglG are phosphorylated by their corresponding EII. In the presence of the inducer, the PTS transports and phosphorylates the sugar and dephosphorylates PRD-containing regulators, thus allowing their activity. In the case of the LevR activator, it has been shown that the histidyl residue 869 of LevR can be phosphorylated by EIIB Lev , causing inactivation of the regulator, if the inducer is absent (negative control) (27) .
In addition to substrate-specific negative control of the activity of PRD-containing regulators, some of them are dependent on an alternative phosphorylation by HPr to be active (1, 17, 30, 44) . By contrast, the B. subtilis antiterminators SacY and GlcT are active irrespective of HPr-dependent phosphorylation (4, 45) . LicT and SacY are phosphorylated at three sites by HPr. The roles of the different phosphorylation sites have not yet been established (25, 47) . Positive control of PRDcontaining regulators is a novel mechanism of CCR in B. subtilis (42) .
Control of protein activity by HPr-dependent phosphorylation was also demonstrated for glycerol kinase from Enterococcus faecalis (3) and the lactose transporter of Streptococcus thermophilus. In the latter protein, a domain similar to EIIA Glc is the target of phosphorylation (12) .
We have recently identified a catabolic system in B. subtilis which is involved in uptake and utilization of oligomeric ␤-glucosides (46) . It consists of five genes, which encode a PTS enzyme II complex (licA, licB, and licC), a 6-phospho-␤-glucosidase (licH), and a positive regulator protein (licR). These five genes are organized in two transcriptional units. A weak promoter precedes the monocistronic gene licR. The genes licB, -C, -A, and -H constitute an operon. Expression of this lic operon is inducible by ␤-glucans, such as lichenan, and their degradation products (e.g., lichenan hydrolysate and cellobiose) and is repressed by rapidly metabolized carbon sources. Moreover, expression of the lic operon requires the general PTS components and seems to be negatively controlled by the specific Lic PTS enzymes. Initiation of transcription presumably requires activation by the gene product of licR. The LicR protein contains two potential helix-turn-helix motifs, two PRDs, and a C-terminal domain similar to mannitol-specific PTS EIIA. Thus, LicR represents a novel prototype of PRDcontaining regulators (42) .
The present study was aimed at the elucidation of the lic operon regulation by trans-acting factors, especially LicR. We report about the construction of B. subtilis strains encoding LicR affected in the putative phosphorylation sites of both the PRDs and the EIIA domain. The involvement of trans-acting factors and presumptive regulatory DNA regions around the licB promoter was investigated by use of a variety of licBЈ-lacZ fusions in different genetic backgrounds.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The B. subtilis strains used in this study are listed in Table 1 (38) were used as hosts for plasmid construction. These strains were grown in nutrient broth medium (19) . For selection of transformants, ampicillin was added to a final concentration of 100 mg/liter. B. subtilis cells were grown in ASM minimal medium (43) or in SP medium (28) supplemented with auxotrophic requirements under vigorous agitation at 37°C. The following carbon sources were used as supplements: 0.1% ribose, 0.3% glucose, 0.05% cellobiose, 0.1% lichenan hydrolysate, or 0.2% lichenan. The hydrolysate of lichenan was prepared as described previously (40) . Agar plates were prepared by addition of 15 g of Bacto agar/liter. Antibiotics were added at the following concentrations: chloramphenicol, 5 mg/liter; erythromycin, 1 mg/liter; lincomycin, 25mg/liter; and spectinomycin, 100 mg/liter.
Genetic techniques. Standard techniques were used for plasmid extraction from E. coli (38) , isolation of chromosomal DNA from B. subtilis (26) , transformation of E. coli by the CaCl 2 method (38) , and transformation of B. subtilis strains by the two-step protocol described by Kunst and Rapoport (21) .
Treatment of DNA with restriction enzymes, T4 DNA ligase, Klenow fragment of DNA polymerase, and T4 polynucleotide kinase was performed as recommended by the supplier. DNA fragments and PCR products were purified by using Wizard Prep kits (Promega) or recovered from agarose gels by using a GeneClean II kit (Bio 101, Inc.). DNA sequences were determined by the chain termination method (39) with modified T7 DNA polymerase (U.S. Biochemicals Corp.) and plasmid DNA or PCR product as a template.
PCR products were obtained under conditions described previously (46) . Unless otherwise described, PCRs were carried out with chromosomal DNA of B. subtilis IS58 as a template. Prior to ligation of the PCR products with vector plasmids, the DNA was purified by the Double GeneClean procedure (Bio 101, Inc.). The resulting plasmids were subsequently sequenced to exclude potential PCR artifacts.
Plasmid constructions and site-directed mutagenesis. Translational lacZ fusions were constructed by using the vector pAC5 (29) , which carries the chloramphenicol resistance gene (cat) from pC194. The plasmid contains a lacZ gene without expression signals located between two fragments of the B. subtilis amyE gene. The pAC5 derivatives pSTnb were obtained by cloning PCR products containing different parts of the DNA sequence around the licB promoter (n is the name of the DNA fragment [ Fig. 1]) into the vector plasmid. PCR products were generated as outlined in Fig. 1 . Prior to ligation of the PCR products with pAC5, both the vector and the respective DNA fragment were digested with BamHI and EcoRI. The resulting plasmids were analyzed by sequencing. Plasmids containing different translational licBЈ-lacZ fusions were digested with ScaI for transformation of B. subtilis wild-type strain IS58 (Table 1) . A mutagenesis method based on PCR (22) was used to construct plasmids containing mutant alleles of licR. The strategy for this approach is shown in Fig.  2 . Mutagenesis of the triplets encoding histidyl residues probably involved in the control of LicR activity was performed in first PCR steps with the mutagenic primer 219D (5Ј-CCTCATTATCGATATCGCTATC-3Ј) or 219A (5Ј-CCTCAT TATCGCGATCGCTATC-3Ј) and the primer Pr-45 (5Ј-GGAATTCCGGGTG CTGATGACAAAATC-3Ј; the attached EcoRI site is doubly underlined) for residue His-219, the mutagenic primer 278E (5Ј-CTACATCACCATGGAGCT CCTTG-3Ј) or 278A (5Ј-CTACATCACCATGGCGCTCCTTG-3Ј) and Pr-45 for His-278, the mutagenic primer 333A (5Ј-CTTGGCACTCGCGATGAAGC-3Ј) and Pr-45 for His-333, the mutagenic primer 392E (5Ј-GATATTTGGCTC TCGAGTTTGGCG-3Ј) or 392I (5Ј-GATATTTGGCTCTAATATTTGGCG-3Ј) and Pr-45 for His-392, and the mutagenic primer 559G (5Ј-CATCCCGGGGC CGCTTGTTC-3Ј) and Pr-42 (5Ј-GGAATTCCGTCAGCTCAGCATTTTTTG-3Ј); the attached EcoRI site is doubly underlined) for His-559 (nonmatching nucleotides are underlined). The PCR products were used as primers in a second PCR together with the primer Pr-44 (5Ј-GAGAGGATCCTGAAGCTGCGCG GGGACGAG-3Ј; the nonmatching nucleotides are underlined, and the attached BamHI site is doubly underlined). The mutagenic primers were designed such that a novel restriction site was introduced upon mutagenesis (these sites are shown in italics). Thus, the presence of desired mutations could be verified by restriction analysis of the final PCR products. After verification of the expected restriction pattern, the PCR products were digested with BamHI and EcoRI and ligated with integrative plasmid pHT181 (24) treated with the same enzymes.
The resulting plasmids were named pSTLicR followed by the position of the mutated amino acid in LicR and the inserted amino acid in one-letter code, e.g., pSTLicR219D (Fig. 2) , and served as template in PCRs with primers Pr-44 and Pr-45 or Pr-42. These PCR products were also verified by restriction analysis.
Construction of B. subtilis strains containing mutations in licR. The point mutations present in the plasmids pSTLicR219D to pSTLicR559G were introduced into the B. subtilis chromosome by cotransformation of strain IS58 with chromosomal DNA of strain BGT2530b (licBЈ[2530]-lacZ cat) and the respective plasmid.
Expression of the lic operon is inducible by lichenan, and a licR::neo mutation prevents expression of the operon (46) . We used these effects to screen for introduction of point mutations into the licR gene in the chromosome of B. subtilis. Cm r transformants were analyzed by a screening test (see below) for expression of the lic operon. Colonies which showed a pattern of ␤-galactosidase activity different from that of the wild-type strain on plates were checked for sensitivity to erythromycin to verify that the vector part of the plasmid was lost. The resulting strains (Table 1 To demonstrate that the detected phenotypes were caused by the introduced licR mutations, we amplified fragments containing the licR allele by PCR with the oligonucleotides Pr-44 and Pr-45 (for residues 219, 278, 333, and 392) or Pr-42 (for residue 559). The PCR fragments were analyzed for the presence of the restriction sites which were introduced upon mutagenesis. All tested strains contained a new restriction site in the licR gene. Thus, the respective licR mutations were correctly introduced in all strains. In addition, the licR alleles of the constructed strains were reisolated by PCR and analyzed by nucleotide sequencing. No mutations in addition to those introduced were present.
Assay of ␤-galactosidase activity. B. subtilis cultures were grown in ASM supplemented with ribose or glucose for noninducing conditions or with the inducing substrate lichenan, lichenan hydrolysate, or cellobiose. Both glucose and an inducing carbon source were supplemented if CCR of the lic operon was being investigated. Cells were harvested (2-ml samples) 1.5 h after the culture entered stationary phase. The samples were stored at Ϫ20°C until the assay was carried out, as described by Miller (31) . Cells were permeabilized with toluene.
For the screening test of ␤-galactosidase activity, the cells were plated on SP plates containing either no additional substrate or lichenan or cellobiose and 5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside (X-Gal) (50 mg/liter). The plates were incubated overnight at 37°C. Strains showing the same induction pattern as the wild type formed white colonies on the control plates and blue colonies under inducing conditions.
RESULTS
Involvement of CcpA in expression of the lic operon. Recently, we have reported that the supplementary addition of glucose to inducing carbon sources results in loss of expression of a licHЈ-lacZ fusion, and a putative cre sequence was identified in the spacer region of the licBCAH promoter (46) . We tested the involvement of CcpA in CCR of the lic operon. Strain BGT63 (licHЈ-lacZ cat) was transformed with chromosomal DNA of B. subtilis QB5407 (ccpA::Tn917 spc). The resulting strain, BGT635, and the isogenic wild-type strain (Table 2 ). This indicates that CcpA is involved in CCR of the lic operon. The incomplete abolishment of CCR in BGT635 could be caused by a CcpA-independent mechanism (see Discussion). Identification of a sequence motif responsible for induction of the lic operon. As reported previously, the intergenic region between licR and licB extends over 50 nucleotides. Upstream of licB, putative cis-acting sequences could be identified (Fig.  1, regions I, II, and III) . The deduced Ϫ35 region of the licB promoter has rather weak similarity to promoters recognized by the vegetative RNA polymerase (46) . Induction of the lic operon requires the LicR protein and a cis-acting sequence as the target. The target for induction of the lic operon is located in the regulatory region around the licB promoter. This was shown by analyzing a transcriptional licBЈ-lacZ fusion containing a 2.04-kb DNA fragment of the licB promoter region in front of the promoterless lacZ gene (46) . Transcriptional and translational licBЈ-lacZ fusions showed similar levels and regulation patterns of ␤-galactosidase activity, suggesting that induction takes place at the level of transcription (45a).
To identify the DNA region involved in induction of the operon, a set of strains containing different licBЈ-lacZ translational fusions was constructed (see Materials and Methods) ( Table 1 ; Fig. 1 ). These strains were plated on X-Gal-SP plates containing either no supplemented carbon source (control) or an inducing substrate (cellobiose or lichenan). The results are summarized in Table 3 . All strains formed white colonies in the absence of an inducer, indicating that the licB promoter was not active. Strains containing lacZ fusions with DNA regions spanning from position Ϫ1196 (with respect to the transcriptional start point of licB) (Fig. 1, forward primer Pr-23) to positions ϩ84 and ϩ966 (Fig. 1 , reverse primer Pr-30 to Pr-32) showed the same induction pattern as the wild type, indicating that the DNA sequence located downstream of the licB promoter is not required for regulation of the lic operon.
Deletions of the sequence located upstream of the lic promoter containing putative cis-acting sequences were constructed as described in Materials and Methods (Fig. 1) . Strains harboring fusions of the promoterless lacZ gene with DNA fragments starting at positions Ϫ1196 to Ϫ92 (with respect to the transcriptional start point of licB) (Fig. 1, forward primer Pr-23 to Pr-27) formed blue colonies on plates with cellobiose or lichenan, as did the isogenic wild-type strain. In contrast, strains containing lacZ fusions with DNA fragments starting in the middle of the region exhibiting dyad symmetry of region III (Fig. 1, position Ϫ52 , primer Pr-28) or downstream of region III (Fig. 1, position Ϫ39 , primer Pr-29) did not show any ␤-galactosidase activity (Table 3 ). This indicates that motifs I and II (Fig. 1) were not necessary for induction of the system but that sequence III (Fig. 1 ) might be the target for induction.
To verify the assumption that the region required for regulation of the system is located immediately upstream of the Ϫ35 region of the licB promoter, we chose some of these strains, which cover the regulatory region (Fig. 1, asterisks) , for ␤-galactosidase assays. Cells were grown in ASM under inducing or noninducing conditions. The ␤-galactosidase activity was inducible by cellobiose (induction ratio of 50-to 140-fold) and lichenan hydrolysate (induction ratio of 180-to 320-fold) in strains BGT2332b to BGT2730b, but strains in which the complete region III exhibiting dyad symmetry was not present (BGT2833b and BGT2830b) showed no ␤-galactosidase activity (Fig. 3) . Thus, these results were consistent with the observations from the screening test; i.e., the induction of the lic operon depends on the sequence with dyad symmetry (5Ј-TT TTTCCGttgctgCGAAAAA-3Ј) situated immediately in front of the licB promoter.
Characterization of potential phosphorylation sites of LicR by site-directed mutagenesis. LicR belongs to the PRD-containing regulators, which can be modified in their activity by phosphorylation of highly conserved histidyl residues by the PTS (42) . To investigate the possible involvement of the conserved histidyl residues in the PRDs and the EIIA domain ( Fig. 2 and 4 ) in the modification of the LicR activity and consequently in the regulation of the lic operon, we constructed mutants in which these residues were replaced by other amino acids. The strategy and construction of strains containing both a mutant allele of licR and the licBЈ-lacZ fusion are described in Materials and Methods (Table 1 ; Fig.  2) .
First, the licR mutant strains and the isogenic wild-type strain (BGT2530b) were analyzed in a screening test by cultivation on X-Gal-SP plates in the absence or presence of an inducer (see Materials and Methods). Strains carrying mutations affecting the histidyl residues in the PRDs of LicR formed white colonies under noninducing conditions, as observed with the wild-type strain. In contrast, a mutation in the residue equivalent to the phosphorylation site in EIIA Mtl (34) (licRH559G) resulted in the formation of blue colonies in the absence of inducer, indicating activity of the mutant LicR protein under noninducing conditions. While the wild-type strain formed blue colonies on plates containing lichenan, no expression of the licBЈ-lacZ fusion was detectable when the histidyl residues of the PRDs were replaced by nonphosphorylatable amino acids, suggesting that the histidyl residues in the PRDs of LicR are required for activity. As observed in the absence of inducer, strain BGT2530b5G, harboring the licRH559G mutant allele of licR, formed blue colonies on plates containing lichenan. This LicR protein therefore has constitutive activity. Second, we investigated the influence of these different mutations on the activity of LicR in ␤-galactosidase assays. Strains containing mutant alleles of licR and the isogenic wild-type strain (BGT2530b) were grown in ASM supplemented with either ribose, glucose, cellobiose, lichenan hydrolysate, or both glucose and an inducing carbon source. The results of these experiments are shown in Table 4 . As described above, expression of the lic operon was induced by cellobiose and lichenan hydrolysate in the wild-type strain. In contrast, loss of expression occurred in such strains in which one of the four conserved histidyl residues of PRD-I (219 and 278) or PRD-II (333 and 392) was replaced by aspartic acid or glutamic acid. Similar results were obtained upon replacement of the conserved histidyl residues by neutral amino acids. Induction of the licBЈ-lacZ fusion was lost in strains BGT2530b2A (licRH278A) and BGT2530b3A (licRH333A) and was reduced to a minor level in strains BGT2530b1A (licRH219A) and BGT2530b4I (licRH392I). Thus, the conserved histidyl residues of both PRDs are necessary for LicR activity.
High-level expression of the licBЈ-lacZ fusion occurred under inducing or noninducing conditions when the conserved histidyl residue 559 in the EIIA domain of LicR was replaced   FIG. 3 . Activity of ␤-galactosidase from selected licBЈ-lacZ fusions. Growth conditions and sample collection were as described in Table 2 , footnote a. Representative results from three independent experiments are shown. 
a Cells were plated on SP plates containing either no additional carbon sources (control) or an inducing substrate as indicated and X-Gal. The plates were incubated overnight at 37°C.
b The color of the colonies, as an indication of the ␤-galactosidase activity (Ϫ, white; ϩ, blue), was determined.
c See Fig. 1 .
by glycine. Thus, the histidyl residue at position 559 seems to be the target of negative regulation of LicR activity by PTS EII Lic , because the expression of the licBЈ-lacZ fusion was constitutive in both a licRH559G mutant and a licC::neo genetic background (data not shown).
Summarizing these results, we suggest that all tested histidyl residues are involved in the modification of the LicR activity. CCR of the lic operon is not affected by replacement of the five histidyl residues (Table 4) .
DISCUSSION
Expression of the lic operon in B. subtilis is induced in the presence of oligomeric ␤-glucosides, which are the degradation products of polymeric ␤-glucans (40, 46) , and is repressed by glucose or other rapidly metabolized carbon sources (46) . We present data showing that the regulatory protein LicR, the proteins of the PTS, and the CcpA protein are involved in the regulation of licBCAH gene expression. (16) a Growth conditions and sample collection were as described in In B. subtilis the CcpA protein, the HPr protein, and a catabolite-responsive element (cre) are involved in CCR (13) (14) (15) . A potential cre sequence was identified in the licBCAH promoter region (46) . As observed with other catabolic systems, glucose repression of the lic operon decreases drastically in a ccpA mutant, indicating that CcpA is involved in the regulation of licBCAH expression by glucose. In addition, the arrangement of the cre is similar to that for other catabolic systems which are subject to CCR (e.g., bglPH) (18) . Thus, CCR of licBCAH expression follows the CcpA-and cre-dependent mechanism which was investigated intensively for catabolic systems in B. subtilis and other gram-positive bacteria (14) . However, CCR of the lic operon was not completely abolished in the ccpA mutant; i.e., a residual repression was observed. It thus seemed possible that a CcpA-independent mechanism is additionally involved in CCR of the lic operon. CcpA-independent CCR was described for the lev and bglPH operons of B. subtilis and involves positive control of PRDcontaining operon-specific regulators by the HPr protein of the PTS (17, 30, 44) .
The Ϫ35 region of the licBCAH promoter has rather weak similarity to promoters recognized by the vegetative RNA polymerase, and expression of a licBЈ-lacZ fusion is strongly inducible. Thus, we suggested the requirement of a transcriptional activator (LicR) and a target site recognized by the activator, which is located close to the promoter (46) . During the DNA sequence analysis of the lic system, three motifs upstream of the promoter were identified (Fig. 1) . Two of these sequences are located within the coding region of licR, whereas the third motif (motif III) is located within the intergenic region between licR and licB (immediately upstream of the licBCAH promoter). Deletion analysis of the promoter region revealed that only region III is required for induction of the lic operon. This inverted repeat might therefore be a target for the binding of the transcriptional activator LicR.
Sequence analysis of the complete B. subtilis genome (20) by using the SubtiList server (32) indicates that sequence motif III, with one mismatch in the dyad symmetry and differences in the length of the spacer, is present upstream of yjdC (manR) (20, 42) and yvfQ (encoding a putative endo-1,4-␤-galactosidase) (20) . The ManR protein, with a domain structure similar to that of LicR, is probably involved in the regulation of genes necessary for mannose utilization (yjdD and yjdE) (20) .
LicR regulates the expression of the lic operon by acting as an activator (reference 46 and this work). In addition to the antiterminator BglG of E. coli and the activator LevR of B. subtilis, LicR is a prototype of a novel group of PRD-containing regulators (42) . These positive regulators are controlled in their activity by PTS-dependent phosphorylation on highly conserved histidyl residues in the duplicated PRDs. However, the actual phosphorylation sites differ among these regulators. The activator LevR is phosphorylated at a histidyl residue in PRD-II by EIIB Lev in the absence of the inducer fructose, causing inactivation (27) , while the antiterminators of this class of regulators are negatively controlled by phosphorylation of a residue in PRD-I (2, 5, 47) . In contrast, activation of LevR takes place by HPr-dependent phosphorylation on His-585 (27) . This histidine, however, does not correspond to a histidyl residue which is conserved in all PRDs. Additionally, the proteins SacY and LicT were phosphorylated by HPr on several histidyl residues (25, 47) .
In this study we investigated the involvement of the conserved histidyl residues in the PRDs and in the EIIA domain of the LicR protein in the regulation of LicR activity. Surprisingly, the activity of LicR seems to require phosphorylation of both PRD-I and PRD-II. The replacement of each of the four histidyl residues in the PRDs leads to the loss of induction of the lic operon. Similarly, expression of the operon is also completely abolished in a ⌬ptsGHI genetic background (46) . Thus, LicR might be activated by phosphorylation of histidyl residues in PRD-I and PRD-II by HPr (in analogy to the other PRDcontaining regulators), and all histidyl residues might be necessary for LicR activity. The presumptive phosphorylation site of the EIIA-like domain, His-559, seems to be involved in negative control of LicR activity. The expression of the lic operon is constitutive in a licRH559G mutant as well as in an EII Lic mutant. These results suggest the existence of a regulatory mechanism for LicR different from the one proposed for other PRDcontaining regulators (42) . Both PRDs are required for positive control of LicR, and a third regulatory domain (the EIIA domain) is involved in negative regulation of the regulator. This notion is in agreement with the conclusion that possibly more than one mechanism for negative control of PRD-containing regulators is operative (2) .
In conclusion, we propose that the PTS EII Lic is phosphorylated in the absence of oligomeric ␤-glucosides. Under these conditions, LicB (or LicA) phosphorylates the EIIA domain of LicR, causing inactivation of the regulator. If oligomeric ␤-glucosides are transported and phosphorylated by the PTS EII Lic , then the EIIA domain of LicR cannot be phosphorylated by EII Lic . Under inducing conditions, the activity of LicR depends on the phosphorylation state of the PRDs. In the absence of repressing sugars, the PRDs may be phosphorylated. Thus, the LicR protein is stimulated, and the lic operon is expressed. By contrast, in the presence of rapidly metabolized PTS carbon sources, a competition of the PTS enzyme II components and the PRDs of LicR for the phosphoryl donor HPr might take place. Thus, the level of phosphorylation at the PRDs decreases, resulting in a loss of LicR activity (Fig. 4) .
